Synthesis of the KLAmX-3 and KLAmX-4 polypeptides
Peptides designated as KLAmX-3 and KLAmX-4 were prepared at Memorial University of Newfoundland by solid phase chemical synthesis employing Ofluorenylmethyloxycarbonyl (FMOC) chemistry, on a CS336X peptide synthesizer (CS Bio Co., Menlo Park, CA). The peptides were synthesized at a 0.2 mmol scale with a single coupling using prederivatized Rink amide resin. Resin and all Fmoc amino acids were purchased from CS Bio Co., with the exception of Fmoc-L-Alanine-d 3 which was purchased from Cambridge Isotope Laboratories, Inc. (Andover, MA). Organic solvents and other reagents used for synthesis and purification were high performance liquid chromatography (HPLC) grade or better and purchased from Fisher Scientific (Ottawa, ON) or Aldrich Chemical (St. Louis, MO). Deprotection and cleavage of the peptides from the resin were carried out with a TFA/Water (95/5 by volume) cleavage cocktail followed by cold precipitation with tert-butyl ether. The crude products were purified by preparative reverse-phase HPLC in a Vydac C-8 column by use of a water/acetonitrile linear gradient with 0.1% trifluoroacetic acid as the ion-pairing agent. Peptide molecular weights were confirmed by matrix-assisted laser desorption/ionization -time of flight (MALDI-TOF) mass spectrometry.
Extraction of Quadrupole Splittings from Spectra of Alanine-Deuterated Transbilayer Polypeptides Containing GpATM Dimerization Motifs
For each peptide variant, at least two independent batches of the KLAmX-1 peptide (deuterated on Ala-20) and the KLAmX-2 peptide (deuterated on Ala-20 and Ala-22) were synthesized and incorporated into vesicle samples from which spectra were obtained. A third batch of KLAm7-1 peptide was prepared to test consistency between the peptides synthesized at the University of Calgary Peptide Service (Calgary, Alberta) and those synthesized locally.
Large, unresolved central features, presumably from residual HOD or small deuterated molecule fragments, have previously been observed in spectra of alanine-methyl deuterated transmembrane polypeptides incorporated, at low concentrations, into bilayer vesicles (1, 2) and resolving the 90° edges in spectra with small quadrupole splittings, such as those of the KLAm5 and KLAm7 versions labeled on Ala-20, can be challenging. Four samples of the KLAm5 variant were synthesized with labeled Ala-20 residues (two KLAm5-1 and two KLAm5-2 versions). Five samples of the KLAm7 variant were synthesized with labeled Ala-20 residues (three KLAm7-1 and two KLAm7-2 versions). The KLAm5-1 and KLAm7-1 spectra were very similar. Despite the presence of the large central feature it was possible to identify edges and estimate the KLAm5 and KLAm7 Ala-20 splittings with sufficient accuracy to obtain useful constraints on peptide orientation. Fig. S1 shows spectra from samples containing KLAm7-1 peptide obtained from three different syntheses. Fig. S1a is from peptide synthesized at the University of Calgary Peptide Service (Calgary, Alberta). Fig. S1b is from a sample prepared with peptide from a different synthesis at the same facility. Fig S1c is a spectrum, at 55°C , from a sample prepared using a locally-synthesized batch of KLAm7-1. The relative intensities of the main peptide doublet and the central feature in this sample allow resolution of the peptide spectral component and provide a useful lower limit on its splitting. Except for the peptide in the sample used for Fig. S1c , all of the KLAmX-1 and KLAmX-2 peptides were obtained form the University of Calgary Peptide Service. Pairs of spectra used for spectral subtraction were always based on peptides obtained from the same source. Figure S1 . Spectra from samples containing KLAm7-1 peptide synthesized (a) and (b) at the University of Calgary Peptide Service (Calgary, Alberta) and (c) locally.
For KLAm5 and KLAm7, Ala-22 methyl deuteron quadrupole splittings were measured on spectra obtained by subtracting KLAmX-1 spectra from the corresponding KLAmX-2 spectra. For KLAm6, the Ala-20 and Ala-22 splittings were distinct and spectral subtraction was not required. For each peptide variant, methyl deuteron quadrupole splittings for the proximal labeled alanine (Ala-16 in KLAm5-3, Ala-17 in KLAm6-3, and Ala-18 in KLAm7-3) were measured directly from singly-labeled versions of each variant. Splittings for the distal labeled alanine (Ala-8 in KLAm5-4, Ala-9 in KLAm6-4, and Ala-10 in KLAm7-4) were taken from spectra obtained by subtracting the KLAmX-3 versions from the corresponding KLAmX-4 version of each variant. The subtractions are illustrated in Figs. S2, S3, and S4. 
Identification of possible peptide orientation and dynamic parameter sets
For each peptide variant, possible splittings of the Ala-22, Ala-20, and proximal labeled alanine in the motif region were calculated for ranges of tilt (τ), average peptide orientation about the helix axis (ρ), and the width of the distribution in ρ sampled by fast angular fluctuations about the helix axis (σ ρ ). Possible sets of peptide orientational and dynamic parameters (τ, ρ, σ ρ ) were identified by calculating the root mean square deviation (RMSD) between calculated and observed splittings and searching the space spanned by τ, ρ, and σ ρ for RMSD minima. For fits based on N observed splittings, the only solutions considered are those for which the minimum RMSD is less than N times the estimated uncertainty in a single splitting. For this work, where fits are based on three observed splittings with estimated uncertainties of ±0.5 kHz, the RMSD limit for consideration of a solution was ~0.9 kHz.
Fits based on three splittings can, at most, determine only three parameters and thus do not suffice to fully characterize the orientation and dynamics of a transmembrane polypeptide. They can, however, identify a limited number of possible solutions from which the most likely solution might be identifiable using additional considerations. In the present case, σ ρ is used to characterize peptide orientational fluctuations and some aspects of the solutions found might be distorted if there are also large amplitude dynamic fluctuations in tilt. The determination of ρ, though, appears to be less sensitive to limitations in data set size than that of the tilt. Strandberg and co-workers demonstrated that the orientation of a tilted peptide about its helix axis is well-determined by the orientations at which predicted splittings are zero along a quadrupole wave curve (2) . Even limited data sets can suffice to identify a small number of tightly constrained possibilities for ρ. The extent to which τ can be constrained, and the sensitivity of the tilt thus found to the limitations of a particular data set, is expected to increase with the amplitude of dynamic fluctuations in tilt and/or orientation about the helix axis. Table 3 of the main paper. Uncertainties in the determination of τ or ρ for each solution are estimated from the range of each parameter over which RMSD is less than ~0.45 kHz which corresponds to roughly half the depth of the RMSD "well".
KLAm5
The two possible KLAm5 solutions both yield minimum RMSD values below 0.05 kHz. Both solutions give similar tilts with uncertainties of about ±5° for the ρ = 174° and ±9° for the ρ = 326° solutions. In both cases, ρ is determined to about ±4°. Both solutions are acceptable but, as noted in the main text, the ρ = 174° solution corresponds to the more likely positioning of the lysines at the peptide ends. This solution also provides a better approximation to the splitting of the motif distal alanine, Ala-8. 
KLAm6
For KLAm6, one solution, corresponding to σ ρ = 28°, gives ρ = 187° with a minimum RMSD of ~0.04 kHz. The other solution, found for σ ρ < 13°, gives ρ = 323° with a minimum RMSD of ~0.2 kHz. Both solutions give similar tilts with uncertainties of the order of ±4° for the ρ = 187° solution and ±3° for the ρ = 323° solution. Neither solution approximates the splitting of the motif distal alanine, Ala-9, to within experimental uncertainty suggesting some distortion of helical geometry through the motif region. The ρ = 187° solution is considered to be more likely both because of its lower minimum RMSD and because it seems to give a more likely positioning of lysines at the peptide ends. Uncertainty in ρ is estimated to be ±4°. 
KLAm7
For KLAm7, one solution corresponds to a minimum RMSD of ~0.6 kHz at σ ρ = 0° and a small tilt. This solution is considered unlikely. The more likely solution corresponds to a tilt of 37° ± 5° and ρ = 188° ± 10° at σ ρ = 103°. The data strongly supports larger tilts for KLAm5 and KLAm7 than for KLAm6 but it also seems possible that the difference between the KLAm7 and KLAm5 tilts is overestimated. As discussed in the main text of the paper, this discrepancy may reflect the lack of sufficient data to account for fluctuations in tilt and orientation about the helix axis separately. The estimate for σ ρ may also be slightly overestimated due to the use of only one parameter to account for peptide dynamics. As noted above, however, the determination of ρ peptide depends primarily on location of the zero splittings on the quadrupole wave curve and is thus less sensitive to limitations in the available data. 
